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CLOCK SYNCHRONIZER AND MULTIPLIER

Description

The IDT9170B generates an output clock which is
synchronized to a given continuous input clock with zero
delay (x1ns at 5 V VDD). Using IDT’s proprietary
phase-locked loop (PLL) analog CMOS technology, the
IDT9170B is useful for regenerating clocks in high speed
systems where skew is a major concern. By the use of the
two select pins, multiples or divisions of the input clock can
be generated with zero delay (see Tables 2 and 3). The
standard versions produce two outputs, where CLK2 is
always a divide by two version of CLK1.

The IDT9170B is also useful to recover poor duty cycle
clocks. A 50 MHz signal with a 20/80% duty cycle, for
example, can be regenerated to the 48/52% typical of the
part.

The IDT9170B allows the user to control the PLL feedback,
making it possible, with an additional 74F240 octal buffer
(or other such device that offers controlled skew outputs), to
synchronize up to 8 output clocks with zero delay compared
to the input (see Figure 1). Application notes for the
IDT9170B are available. Please consult IDT.

Block Diagram

IDT9170B

Features

* On-chip Phase-Locked Loop for clocks synchronization.

* Synchronizes frequencies up to 107 MHz
(output) @ 5.0V

* +1ns skew (max) between input & output clocks @ 5.0 V
® Can recover poor duty cycle clocks

* CLK1 to CLK2 skew controlled to within +1ns @
50V

® 3.0- 5.5V supply range

* Low power CMOS technology

* Small 8-pin DIP or SOIC package
* On chip loop filter

¢ IDT9170B-01 for output clocks 20-107 MHz @ 5.0V,
20-66.7 MHz @ 3.3V

¢ IDT9170B-02 for output clocks 5-26.75 MHz @ 5.0 V,
5-16.7MHz @ 3.3V

External Connection to CLK1 or CLK2 (not both)

FSO FS1

QUTPUT

BUFFER = CLK1

FBIN L—pp

PUMP

—P»{ PHASE o CHARGE L FLIB%F:{

= vco

|
OUTPUT

BUFFER_[T—*% CLK2

IDT™ CLOCK SYNCHRONIZER AND MULTIPLIER

IDT9170B REV B 052609

© 2019 Renesas Electronics Corporation



IDT9170B
CLOCK SYNTHESIZER

CLOCK SYNCHRONIZER AND MULTIPLIER

Pin Assighment

FBIN[ |1 8 JCLK2
IN[ |2 7/ JvDD
GND[ |3 6| |]CLKT1
FSO[ |4 5[ ]FS1
Pin Descriptions
Pin Pin Pin . __—
Number Name Type Pin Description
1 FBIN Input | Feedback input.
2 IN Input Input for reference clock.
3 GND Power | Connect to ground.
4 FSO Input Frequency select 0.
5 FS1 Input Frequency select 1.
6 CLK1 Output | Clock output 1. See tables 1, 2 for values.
7 VDD Power | Power supply.
8 CLK2 Output | Clock output 2. See tables 1, 2 for values.

Using the IDT9170B 4. The CLK1 frequency ranges are:

The IDT9170B has the following characteristics:

1. Rising edges at IN and FBIN are lined up. Falling edges
are not synchronized.

2. The relationship between the frequencies at FBIN and IN
with CLK1 feedback is shown in Table 1 below.

Functionality (Table 1)

FS1[FSO0| fegy (-01,-02)
0 | o 2% fin
0 1 4 fiN
1 0 fin
1 1 8" fin

3. The frequency of CLK2 is half the CLK1 frequency.

IDT™ CLOCK SYNCHRONIZER AND MULTIPLIER

VDD=5V |VDD=3.3V
IDT9170B-01 | 20 <foq | <107 MHz <66.7
IDTO170B-02 | 5<fouq | <26.75MHz | <16.7

Eliminate High Speed Clock Routing Problems

The IDT9170B makes it possible to route lower speed clocks
over long distances on the PC board and to place an
IDT9170B next to the device requiring a higher speed clock.
The multiplied output can then be used to produce a phase
locked, higher speed output clock.

Compensate for Propagation Delays

Including an IDT9170B in a timing loop allows the use of
PALs, gate arrays, etc., with loose timing specifications. The
IDT9170B compensates for the delay through the PAL and
synchronizes the output to the input reference clock.
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Operating Frequency Range

The IDT9170B is offered in versions optimized for operation
in two frequency ranges. The -01 covers high frequencies,
20 to 100 MHz.* The -02 operates from 5 to 25 MHz.* The
IDT9170B can be supplied with custom multiplication
factors and operating ranges. Consult IDT for details.

3.3 V VDD Operation

The IDT9170B does operate at both 5.0 V and 3.3 V system
conditions. Please note the Electrical Characteristic
specifications at 3.3 V include a limited output frequency
(66.6 MHz max.) and a wider skew of FBIN to CLK1. For 3.3
V+5% (3.15 V min.), this skew is -5.0 to 0 ns. At 3.3 V+10%
(3.0 V min.), the skew is widened to -8 ns to 0 ns and should
be accounted for in system design.

*At 3.3 V, the maximum CLK1 frequency is 66.7 MHz for - 01
4 and 16.7 MHz for -02.

Figure 1: Application of Multiple Outputs
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CLOCK SYNTHESIZER

Using CLK2 Feedback

Connecting CLK2 to FBIN as shown in Figure 2 will cause
all of the rising edges to be aligned (Figure 4).

Figure 2
FBINL CLK?
IN
—_—
» CLK1

For CLK2 frequencies 10 - 53.5 MHz* (-01)
For CLK2 frequencies 2.5 - 13.37 MHz (-02)
*Maximum 33.3 MHz@3.3 V (-01), 8.33 MHz@3.3 V (-02)

Using CLK1 Feedback

With CLK1 connected to FBIN as shown in Figure 3, the

input and CLK1 output will be aligned on the rising edge, but
CLK2 can be either rising or falling (Figure 5). Consult IDT if
the CLK1 frequency is desired to be higher than 107 MHz.

Figure 3
FEIN b > CLK2
IN
—_—
- CLK(1

For CLK1 frequencies 20 - 107 MHzt(-01)
For CLK1 frequencies 5 - 26.75 MHz (-02)
tMaximum 66.7 MHz@3.3 V (-01), 16.7 MHz@3.3 V (-02)

Table 2
Functionality Table for IDT9170B-01, -02 with CLK2 Feedback
FS1 | FSO CLK1 CLK2
0 0 INx4 INx2
0 1 INx8 INx4
1 0 INx2 IN
1 1 INx16 INx8
Figure 4

Input and Output Clock Waveforms with CLK2 Connected to
FBIN

IDT™ CLOCK SYNCHRONIZER AND MULTIPLIER

Table 3
Functionality Table for IDT9170B-01, -02 with CLK2 Feedback
FS1 | FSO CLK1 CLK2
0 0 INXx2 IN
0 1 INx4 INx2
1 0 IN IN/2
1 1 INX8 INx4
Figure 5

Input and Output Clock Waveforms with CLK1 Connected to
FBIN
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Absolute Maximum Ratings

Stresses above the ratings listed below can cause permanent damage to the IDT9170B. These ratings, which are
standard values for IDT commercially rated parts, are stress ratings only. Functional operation of the device at these
or any other conditions above those indicated in the operational sections of the specifications is not implied.
Exposure to absolute maximum rating conditions for extended periods can affect product reliability. Electrical
parameters are guaranteed only over the recommended operating temperature range.

Parameter Condition Min. Typ. Max. Units
Supply Voltage, VDD referenced to GND 7 \Y
Ambient Operating Temperature under bias 0 +70 °C
Voltage I/O Pins referenced to GND -0.5 VDD+0.5 \Y
Storage Temperature -65 150 °C
Soldering Temperature 260 °C
Power Dissipation 0.5 W

DC Electrical Characteristics at5 Vv

Unless stated otherwise, VDD = 5 V 5%, Ambient Temperature 0 to +70°C

Parameter Symbol Conditions Min. Typ. Max. | Units
Operating Supply Current IDDA1 No load, 107 MHz (-01) 30 50 mA
Operating Supply Current IDD2 | No load, 26.5 MHz (-02) 13 20 mA
Input High Voltage ViH VDD=5V 2.0 \
Input Low Voltage ViL VDD=5V 0.8 \'
Input High Current i VIN=VDD 5 pA
Input Low Current m VIN=0 V -1.5 -5 pA
Output High Voltage* Voui |lon=-1mA VDD-0.4 \Y

Vonz |lon=-4 mA VDD-0.8 \
Vons |lon=-8 mA 24 \Y
Output Low Voltage* VoL loL =8 mA 0.4 Vv

*Parameter guaranteed by design and characterization. Not 100% tested in production.
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AC Electrical Characteristics at5V

Unless stated otherwise, VDD = 5 V 5%, Ambient Temperature 0 to +70° C

Parameter Symbol Conditions Min. | Typ. | Max. Units
Input Frequency fi1 Note 1, IDT9170B-01 2.5 107 MHz
fio IDT9170B-02 2 26.75 | MHz
Output Frequency, CLK1 fo1 IDT9170B-01 20 107 MHz
foo IDT9170B-02 5 26.75 | MHz
Input Clock Rise Time ICLKr 10 ns
Input Clock Fall Time ICLKf 10 ns
Output Rise Time tr1 0.8t0 2.0V, 15 pF load 0.6 2 ns
Rise Time tRo 20% to 80% VDD, 15 pF 1.2 3 ns
load
Output Fall Time teq 2.0t0 0.8V, 15 pF load 0.4 2 ns
Fall Time teo 80% to 20% VDD, 15 pF 0.9 2 ns
load
Output Duty Cycle, drq 15 pF load, Note 2, 3 40 48-52 60 %
IDT9170B-01
Output Duty Cycle, dto 15 pF load, Note 2, 3 45 49-51 55 %
IDT9170B-02
One Sigma Jitter 125 300 ps
Absolute Jitter tabst CLK1>20 MHz (-01)
-500 500 ps
CLK1>5 MHz (-02)
FBIN to IN Skew Tskewt1 | 15 pF load, input rise -1 -0.3 1 ns
time <5 ns, Note 2, 4
Tekew2 | 15 pF load, input rise -2 -0.3 2 ns
time <10 ns, Note 2, 4
CLK1 to CLK2 Skew Tskews | Note 2, 4 -1 0.4 1 ns

Parameters guaranteed by design and characterization. Not 100% tested in production.

Note 1: It may be possible to operate the IDT9170B outside of these ranges. Consult IDT for your specific
application.

Note 2: All AC specifications are measured with a 50Q transmission line, load teminated with 50Q to 1.4 V.
Note 3: Duty cycle measured at 1.4 V.
Note 4: Skew measured at 1.4 V on rising edges. Positive sign indicates the first signal precedes the second signal.
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DC Electrical Characteristics at 3.3V

Unless stated otherwise, VDD = 3.3 V 5%, Ambient Temperature 0 to +70°C

Parameter Symbol Conditions Min. Typ. Max. | Units
Operating Supply Current IDDA1 No load, 66.7 MHz (-01) 17 30 mA
Operating Supply Current IDD2 | No load, 16.7 MHz (-02) 7 15 mA
Input High Voltage ViH vDD=3.3V 0.7vDD \Y
Input Low Voltage ViL VDD=3.3V 0.2VDD \'%
Input High Current i VIN=VDD 5 pA
Input Low Current e VIN=0 V -7 -4 pA
Output High Voltage™ Voui |lon=-1mA VDD-0.4 \'%

Vonz |lop=-3mA VDD-0.8 \
Vous | lon=-6 mA 2.4 \Y
Output Low Voltage* VoL loL =6 mA 0.4 \'%

Parameters guaranteed by design and characterization. Not 100% tested in production.
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CLOCK SYNCHRONIZER AND MULTIPLIER CLOCK SYNTHESIZER

AC Electrical Characteristics at 3.3V

Unless stated otherwise, VDD = 3.3 V £5%, Ambient Temperature 0 to +70° C

Parameter Symbol Conditions Min. | Typ. | Max. Units
Input Frequency fi1 IDT9170B-01 7 66.7 | MHz
fio IDT9170B-02 2 16.7 | MHz
Output Frequency, CLK1 fo1 IDT9170B-01 20 66.7 | MHz
foo IDT9170B-02 5 16.7 | MHz
Input Clock Rise Time ICLKr 10 ns
Input Clock Fall Time ICLKf 10 ns
Output Rise Time tr1 0.8t0 2.0V, 15 pF load 1.1 2 ns
Rise Time tRo 20% to 80% VDD, 15 pF 1.8 4 ns
load
Output Fall Time teq 2.0t0 0.8V, 15 pF load 0.8 2 ns
Fall Time teo 80% to 20% VDD, 15 pF 1.2 3 ns
load
Output Duty Cycle, drq 15 pF load, Note 2, 3 40 52 60 %
IDT9170B-01
Output Duty Cycle, dto 15 pF load, Note 2, 3 45 51 55 %
IDT9170B-02
One Sigma Jitter 150 300 ps
Absolute Jitter tabs1 CLK1>10 MHz (-01)
-500 500 ps
CLK1>2.5 MHz (-02)
t CLK1<10 MHz (-01
abs2 (-01) 2 5 %
CLK1<2.5 MHz (-02)
FBIN to IN Skew Tskewt | 15 pF load 3.0<VDD< -4.0 -1.0 1.5 ns
3.7, Note 2, 4
Tskew2 | 15 pF load 3.0<VDD< -3.0 -1.0 1.5 ns
3.7, Note 2, 4
CLK1 to CLK2 Skew Tskews | Note 2, 4, 15 pF load -2.0 -0.9 0 ns

Parameters guaranteed by design and characterization. Not 100% tested in production.

Note 1: It may be possible to operate the IDT9170B outside of these ranges. Consult IDT for your specific
application.

Note 2: All AC specifications are measured with a 50Q transmission line, load teminated with 50Q to 1.4 V.
Note 3: Duty cycle measured at 1.4 V.
Note 4: Skew measured at 1.4 V on rising edges. Positive sign indicates the first signal precedes the second signal.
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General Layout Precautions
1) Use a ground plane on the top layer of the PCB in all areas not used by traces.
2) Make all power traces and vias as wide as possible to lower inductance.

10uF25Y
Tanmlum
VGG —
Famia
Baad —*

/88

@ = Ground Plane Connection
& = Power Plane Conncetion
[] = solder Pads

) = Clock Load

Note: All clock outputs should have series terminating resistor. Not shown in all places to improve readibility of
diagram.

Connections to VDD

-EI—HTFI-IZI Best

e |1 Okay
H:I—H? = Avoid
o {0 Avoid
Thermal Characteristics
Parameter Symbol Conditions Min. | Typ. | Max.| Units
Thermal Resistance Junction to 04a Still air 150 °C/W
Ambient 0,4 |1 m/sair flow 140 °C/W
0 3 m/s air flow 120 °C/W
Thermal Resistance Junction to Case 0,c 40 °C/W
Thermal Resistance Junction to Top YT Still air 20 °C/W
of Case
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Package Outline and Package Dimensions (8-pin SOIC, 150 Mil. Body)

Package dimensions are kept current with JEDEC Publication No. 95

Millimeters Inches
Symbol Min Max Min Max
A 1.35 1.75 .0532 .0688
A1 0.10 0.25 .0040 .0098
X B 0.33 | 051 | .013 | .020
C 0.19 0.25 .0075 .0098
D 4.80 5.00 .1890 .1968
E 3.80 4.00 1497 1574
e 1.27 BASIC 0.050 BASIC
H 5.80 6.20 .2284 .2440
h 0.25 0.50 .010 .020
L 0.40 1.27 .016 .050
a 0° 8° 0° 8°
| c
N ¥

S C

Ordering Information

Part / Order Number Marking Shipping Packaging Package Temperature
9170B-01CSO08LF TBD Tubes 8-pin SOIC 0to +70° C
9170B-01CSO8LFT Tape and Reel 8-pin SOIC 0to+70°C
9170B-02CS08LF Tubes 8-pin SOIC 0to+70°C
9170B-02CSO8LFT Tape and Reel 8-pin SOIC 0to +70° C

Parts ordered with a "LF" suffix to the part number are the Pb-Free configuration and are RoHS compliant.

While the information presented herein has been checked for both accuracy and reliability, Integrated Device Technology (IDT) assumes
no responsibility for either its use or for the infringement of any patents or other rights of third parties, which would result from its use. No
other circuits, patents, or licenses are implied. This product is intended for use in normal commercial applications. Any other applications
such as those requiring extended temperature range, high reliability, or other extraordinary environmental requirements are not
recommended without additional processing by IDT. IDT reserves the right to change any circuitry or specifications without notice. IDT
does not authorize or warrant any IDT product for use in life support devices or critical medical instruments.
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Revision History

Rev. | Originator | Date | Description of Change
A R.Willner 09/23/08 | New datasheet.
B R. Willner 05/26/09 | Datasheet release.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2025 Renesas Electronics Corporation. All rights reserved.
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